Aims The purpose of this study was to calculate the prevalence of ectopic atrial tachycardia in a population of young asymptomatic males and to assess its natural course both in asymptomatic subjects and in symptomatic hospital patients.
Introduction
Ectopic atrial tachycardia is usually manifested as incessant tachycardia causing symptoms of palpitation and can in some cases lead to heart failure, especially in children [1] [2] [3] [4] ; however, it can also be asymptomatic and remain undiagnosed. Most of the literature concerning ectopic atrial tachycardia deals with symptomatic paediatric patients [5] [6] [7] [8] [9] , so the prevalence in the adult population and the natural course of ectopic atrial tachycardia are not well known. In addition, there are no earlier reports of the prevalence of ectopic atrial tachycardia in asymptomatic subjects. The main purpose of the present study was to estimate the prevalence of ectopic atrial tachycardia in an asymptomatic, presumably healthy, male population and to assess its natural course in both asymptomatic subjects and symptomatic hospital patients.
Methods
The resting electrocardiograms (ECG) of consecutive young males applying for a pilot's licence during the years 1981-1993 were analysed retrospectively at the Central Military Hospital in Helsinki, and subjects who had ECG evidence of ectopic atrial tachycardia were contacted to inquire about any symptoms or medication and to obtain a repeat ECG. All the ECGs of ectopic atrial tachycardia in-and outpatients at the Oulu and Kuopio University Hospitals in the years 1987-1995 were also analysed, using five arrhythmia diagnosis numbers according to ICD9-classification (4270A, 4272A, 4278X, 7850A, 7851A) to cover all possible ectopic atrial tachycardia patients. Patients who had ECG evidence of ectopic atrial tachycardia were invited for a control visit, during which the following were undertaken: clinical history, physical examination and a repeat ECG to assess the present rhythm. All the patients stopped their antiarrhythmic medication for at least four half-lives before the repeat ECG was recorded. Patients with clinical or echocardiographic evidence of organic heart disease were excluded. All subjects gave their informed consent for the study, and the study protocol was approved by the ethical committee.
Ectopic atrial tachycardia in the primary ECG was defined as a heart rate d90 beats . min 1 and abnormal P wave morphology in at least three leads, including one bipolar limb lead. The following definitions were used in the interpretation of the follow-up ECG: if the P wave morphology was similar and the rate >90 beats . min 1 in the repeat ECG without a change (<10 ) in the frontal P wave axis, the rhythm was defined as an ectopic atrial -* Negative aVL Frontal P wave axis +80 C Biphasic=P wave with two positive phases; Diphasic=P wave with one negative and one positive phase or with one positive and one negative phase. *Repeat ECG was not available.
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tachycardia. If the P wave morphology was abnormal, but the rate <90 beats . min 1 , the rhythm was defined as a slow ectopic rhythm. If the P wave morphology was clearly different in the repeat ECG in the forms of morphology and frontal P wave axis, the rhythm was defined as a fusion of ectopic and sinus rhythms. Other cases with complete normalization of P wave morphology, with a rate <90 beats . min 1 , were defined as sinus rhythm. The standard ECGs of all patients were inspected by the first author and by an experienced cardiologist.
The paired t-test was used to compare the heart rate at the baseline and follow-up visit. Analysis of variance by the Bonferroni post-hoc test were used to compare the duration of follow-up of the patients. Values are expressed as means standard deviations, if not otherwise indicated.
Results
Out of a total of 3554 12-lead ECGs of healthy asymptomatic males aged between 17 and 21 years (mean 19 1 years) who were analysed retrospectively at the Central Military Hospital, 12 showed evidence of ectopic atrial tachycardia (prevalence 0·34%) ( Table 1 ). All ECGs had been interpreted as normal by a primary physician. A repeat ECG was obtained in 10 cases after a follow-up time of 8 3 years (range from 3 to 11 years). Nine of the subjects were still asymptomatic, but one had developed symptoms of palpitation. Two subjects were lost to the follow-up. None of the subjects had ever had any arrhythmic medication.
The ECGs of 17 out of the 3700 symptomatic arrhythmia hospital patients (prevalence 0·46%) examined between years 1980 and 1993 pointed to ectopic atrial tachycardia (Tables 2 and 3) . A repeat ECG was recorded after a mean follow-up of 7 3 years (range from 3 to 16 years), at a mean age of 26 17 years (eight females and nine males). Seven out of the 27 patients (26%), both asymptomatic (n=10) and symptomatic (n=17), were still in a similar or different ectopic atrial rhythm after the follow-up, and 10 (37%) were in sinus rhythm (Fig. 1 ). Ten patients (37%) showed a clear change in P wave morphology in at least two leads and in the frontal axis of the P wave without its complete normalization, suggestive of a fusion of ectopic atrial and sinus rhythms (Fig. 2) . Heart rate was significantly slower on the repeat ECG (81 19 beats . min 1 vs 109 17 beats . min 1 P<0·001). Only three patients (11%) had faster ectopic atrial tachycardia. The follow-up time tended to be longer in the patients who were in sinus rhythm (mean 92 41 months) compared to those with fusion rhythm or ectopic atrial tachycardia (81 34 months), but the difference was not statistically significant. Five patients had used sotalol and one patient propranolol regularly. One patient had used metoprolol and one propranolol if needed. Ectopic atrial tachycardia was the only arrhythmia documented in each case and none of the patients developed heart failure during the follow-up time. None of the 27 patients had a positive family history of ectopic atrial tachycardia.
Discussion

Prevalence of ectopic atrial tachycardia
Even though ectopic atrial tachycardia was described as early as 1922 by Gallavardin [10] , its prevalence has not been well studied, and has not previously been recorded at all in an asymptomatic population. The present observations show that asymptomatic ectopic atrial tachycardia is not an uncommon finding in young adults, having an even higher prevalence than that reported for Wolff-Parkinson-White syndrome in young Frontal P wave axis +50 C Frontal P wave axis 0 C Sinus rhythm 17 125 129 Diphasic II, III, aVL, aVF, V 1-3 Diphasic I, V 1-3 Negative I, V [4] [5] [6] Negative II, III, aVF, V 4-6 Frontal P wave axis 40 C Frontal P wave axis 70 C Ectopic atrial tachycardia Abbreviations and definitions: see Table 1 .
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healthy males [11] [12] [13] . It is evident that ectopic atrial tachycardia is not well known among physicians and therefore often escapes diagnosis. In fact, none of the present subjects applying for a pilot's licence were diagnosed as having ectopic atrial tachycardia.
Aetiology of ectopic atrial tachycardia
The rate of ectopic atrial tachycardia was not very fast (<120 beats . min 1 ) in many asymptomatic patients, and its aetiology is unknown. It is unclear whether the slower ectopic atrial tachycardia has the same pathophysiology as the faster type, resulting in symptoms and heart failure in severe cases. However, only a few cases had the typical P wave morphology of 'left atrial' rhythm or 'coronary sinus' rhythm, originating in the remnants of the 'left sided' second embryonic sinus node. This suggests that slower ectopic atrial tachycardia originating from the ectopic foci of the right atrium is not an uncommon rhythm disorder. 
Natural course of ectopic atrial tachycardia
There have been no previous studies of the natural course of ectopic atrial tachycardia in asymptomatic patients, and only a few of incessant symptomatic ectopic atrial tachycardia in paediatric patients [5] [6] [7] [8] [9] 14] . It has been reported that spontaneous remission of symptomatic ectopic atrial tachycardia is not rare, being reported in earlier studies in 33-75% of cases after medical therapy [5] [6] [7] [8] [9] 14] . The present results in young adult subjects concur with the earlier findings in younger subjects that spontaneous remission is common. The present series also included asymptomatic patients, who, all except one, remained symptom-free during the follow-up. This finding has important clinical implications, i.e. asymptomatic or mildly symptomatic young adults without any worsening of left ventricular function can be safely placed under observation without any therapy.
During the follow-up time a change in P wave morphology at least in two leads suggestive of a fusion of sinus and ectopic atrial rhythms was observed in some subjects. These observations suggest that the ectopic foci gradually slow down and degenerate with time rather than there being any sudden restoration of sinus rhythm. This observation is also supported by the rarity of a diagnosis of ectopic atrial tachycardia in middle-aged or elderly people without concomitant structural heart disease [15] [16] .
Limitations
The asymptomatic population sample comprised only males in a narrow age range. Therefore the prevalence figures may not be applicable to other populations. It was evident, however, that ectopic atrial tachycardia is not an uncommon finding in asymptomatic young adults, and its prevalence may be even higher in younger subjects [5] [6] [7] [17] [18] . A cut-off heart rate of 90 beats . min 1 was used in this study to define ectopic atrial tachycardia. This definition is based on recent recommendations of Spodick et al. [19] , who defined 50 beats . min 1 and 90 beats . min 1 as the extremes of a normal resting sinus heart rate in adult populations, which should improve the sensitivity of the tachycardia threshold. The definition of normal P wave morphology may also be problematic. We attempted to avoid overestimating the prevalence of ectopic atrial tachycardia by including only patients with an abnormal P wave in at least three leads, including one bipolar limb lead.
Conclusions and implications
Asymptomatic ectopic atrial tachycardia is not an uncommon finding in a population of young males. In the majority, the atrial rhythm slows with time, leading to either restoration of sinus rhythm or a fusion of ectopic atrial and sinus rhythms. This suggests that the ; in lead aVL the P wave is negative, in leads V 1-2 diphasic and in lead V 3 biphasic. Four and a half years later he is still asymptomatic and in the repeat ECG heart rate is slower, 87 beats . min 1 . The P wave morphology has changed; in lead aVL the P wave is positive, isolectic in leads II and V 1 and notched in V 2 suggestive of fusion of ectopic atrial and sinus rhythms.
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ectopic foci gradually degenerate with time. Our results also suggest that invasive therapy, such as catheter ablation, may not be indicated in asymptomatic or mildly symptomatic patients because of the higher probability of spontaneous remission of arrhythmia than of the occurrence of symptoms or heart failure.
